Sleep Apnea and the Electrode Conundrum by Murdock, Paul & Westenskow, Dwayne




Sleep disorders deprive a large number of people 
every year of the rest their bodies need. Current sleep 
diagnostics methods can be expensive and laden with 
electrodes, wires, and sensors. The distraction of these 
monitors and electrodes may have a detrimental effect 
on obtaining true natural state data. The minimiza-
tion of invasiveness to the patient, and increased in 
home use will allow a greater number of individuals 
to properly diagnose their sleeping disorders. A senso-




Sleep disorders have been around for century’s – clas-
sified using a variety of terminology. Snoring, which is 
the lay term for obstructive breathing during sleep, is 
one of the most common human habits. Several studies 
show that in a 30-35 year old population, 20% of men 
and 5% of women snore. By age 60, 60% of men, and 
40% of women will snore. The most severe and exag-
gerated form of snoring is known as obstructive sleep 
apnea (OSA). In cases of OSA, an individual may have 
cessation of breathing for up to 2 minutes after which 
they will gasp for air and begin breathing normally – 
until the next episode. 
 
The cessation of breathing no doubt has medical conse-
quences. Since difficulty in breathing in general cannot 
be good for anyone, who can doubt that it might be 
detrimental to an individual’s health?  Obstructive 
sleep apnea places the individual at risk for high blood 
pressure, heart attack, stroke headaches, sexual impo-
tence, a lower quality of life, and all the disorders that 
accompany sleep deprivation. These include impaired 
intellectual function, social maladjustments, psycho-
logical depression, and an increased risk while driving 
a motor vehicle. 
 
The soft tissues at the back of the mouth and throat 
play a large role in obstructive sleep apnea. The soft 
palate, uvula, tonsils, tonsillar pillars, base of the 
tongue, pharyngeal muscles, and pharyngeal mem-
branes comprise the collapsible part of the airway. Fig-
ure 1 demonstrates in a simplified diagram what occurs 
during an obstruction. Looking at a diagrammatic ver-
sion of the tissues involved (see Figure 2) and a photo-
graph (see Figure 3) it becomes evident that such a 
narrow pathway has the potential to become occluded. 
 
A couple of physiological examples in patients indicate 
possible susceptibility to a form of obstructive sleep 
apnea (see Figure 4 and 5). 
 
Evaluating a patient is difficult because the patient suf-
fering from the disorder is often unaware that the disor-
der is occurring since the patient remains asleep. A 
bed-partner or observer should be questioned about 
presenting symptoms (table 1). 
Sleep Apnea and the Electrode Conundrum 
Paul Carlos Murdock 
Department of Bioengineering 
University of Utah 
Salt Lake City, Utah 84012 
 
May 2005 
Figure 1 – The image on the top demonstrates normal breathing 
and an open air pathway. Breathing is not obstructed. The image on 
the bottom demonstrates an individual experiencing a temporary 
apnea which can range for 10 seconds up to 2 minutes before a 
choking and gasping reflex forces the airway open. 
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Table 1—Nighttime and Daytime symptoms 
Nocturnal Symptoms Daytime Symptoms 
Snoring, snorting, strug-
gling to breath, irregular 
breathing, and observed 
apneas 
 
Thrashing in bed, dis-
rupted sleep 
 






















































Figure 2 – A diagrammatic version of a view inside the mouth at a 
number of the causes of breathing obstruction. A long and drooping 
soft palate, large tonsils, long uvula, flaccid and redundant posterior 
tonsillar pillar, enlarged tongue, and redundant pharyngeal folds all 
increase the risk of experiencing obstructive sleep apnea. 
Figure 3 – An actual photograph representing the same tissues as 
shown in Figure 2. 
Figure 4 – An individual with an enlarged tongue. The disorder is 
called Macroglossia. An increased risk of obstructive sleep apnea. 
Figure 5 – An individual with a receding chin. This disorder is 
known as micrognathia. An increased risk of obstructive sleep 
apnea. 
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The causes and results of obstructive sleep apnea dem-
onstrate the importance of being able to diagnose indi-
viduals to enable them to treat the issues brought about 
because of the disorder. Polysomnography is a diagnos-
tic test which measures a number of different physio-
logical parameters during sleep. For sleep testing there 
are 4 different levels for the evaluation of sleep breath-
ing disorders. Table 2 outlines the sensor regime for 
each level. 
 
Level 1 – The “gold” standard 
 
Level 1 is the most complete and therefore expensive 
often times costing $1500.00 to $2000.00 for a one 
night stay. Recording would occur in a sleep center 
with a technician present for a minimum of 6 hours. 
The technician is needed to ensure proper attachment 
of all the electrodes and equipment, and to ensure their 
proper functioning throughout the entire recording 
process. The EEG, EOG, and EMG help to determine 
the stage of sleep and wakefulness as well as when the 
patient is aroused from sleep due to an apnea. The other 
sensors allow differentiation between central, obstruc-




The number of sensors is equivalent to that of level 1 
monitoring only the recording is done in the patients’ 
home. The major problem with this recording is the 
high rate of data loss if an electrode gets disconnected 
during the night. Few studies have been done compar-
ing the cost of a level 2 study with a level 1 study. Pri-
marily because it is difficult to compare level 2 studies 




Includes a limited number of sensors and experiences 
the same potential data loss that the level 2 exam does. 
The lack of EEG, EOG, and EMG removes the ability 
of the exam to diagnose a sleep apnea type whether 
central, mixed, or obstructive because of the inability to 




The most basic of exams entailing the use of 1 or 2 
sensors for monitoring. Typically the sensor is an oxi-
metric type sensor to ensure proper blood saturation 
with oxygen. Again, the ability to detect sleep apnea 
type is not present. The American Academy of Sleep 
Medicine (AASM) only recommends this level of test-
ing if the sleep center is booked up for several months 
or a patient is not able to be transported to a sleep cen-
ter. 
 
II. Project Goal 
 
The goal of this project is to design a sensorized blan-
ket capable of extracting a number of useful parameters 
for sleep apnea diagnosis from a patient who is lying 
Table 2—Levels of sleep study and physiological data collected with each level 
 Level 1 Level 2 Level 3 Level 4 
Monitors 7 or more 7 or more 4 or more 1-2 
EEG Required Required Optional Not measured 
EOG Required Required Optional Not measured 
Chin EMG Required Required Optional Not measured 
ECG/heart rate ECG ECG or HR ECG or HR Optional 
Airflow Required Required Either 2 channels of 
effort, or 1 channel of 
airflow 
Optional 
Respiratory Effort 2 channels 2 channels 1 of effort Optional 
Oximetry Required Required Required Usual/Optional 
Leg Movement Usual/optional Optional Optional Not measured 
Personnel Present Absent Absent Absent 
Intervention Possible Not Possible Not Possible Not possible 
Acronyms—EEG (electroencephalogram), EOG (electrooculogram), EMG (electromyogram), ECG 
(electrocardiogram), HR (heart rate) 
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on the blanket. 
 
The blanket will used primarily to aide in collecting 
data for individuals who may be experiencing symp-
toms related to sleep apnea or other sleep disorder. 
 
As such, some of the parameters that will be of interest 
would be (1) respiratory rate, (2) heart rate, (3) leg 
movement, (4) body position, and (5) chest cavity ex-
pansion vs. abdominal expansion. 
 
We feel that these parameters have the potential to be 
extracted from a sensorized blanket. This would place 
the level of testing somewhere between level 2 and 
level 3. Since electrodes and other such wires are elimi-
nated the possibility for loss of data during the study 
will hopefully be eliminated. 
 
The blanket, as will be further detailed in the methods 
section, will have a large number of sensors feeding 
back the changing and shifting weight profile of the 
patient to a microprocessor which will capture the data 
and prepare it for either on-site analysis or through an 
internet connection to a centralized server for up to the 
minute monitoring by a technician or physician. 
 
III. Project Methods 
 
A brief overview of the theory describing each parame-
ter and the method concerning the data extraction of 
each parameter as postulated by the author. 
 
Primary Sensor Mechanism 
 
A hall-effect sensor will be the primary mechanism for 
collecting the weight profile. You can imagine as a 
person lays on a bed their body weight is distributed 
different over the surface of the bed. The indentations 
and variable displacements provide a wealth of infor-
mation—in particular when those displacements 
change as a result of some physiological aspect we 
wish to monitor. Figure 6 demonstrates a simplified 





The respiratory rate can be calculated by the low fre-
quency movements of the upper body as a breath is 
inhaled and exhaled. This low frequency movement 
will show as a change in sensor displacement as a re-






The heart rate can be calculated by the higher fre-
quency forces of contraction and relaxation in the hu-
man heart. Ballistocardiography is a method of meas-
urement currently in use to measure this very parame-
ter. The sensitivity of the sensors must be very high, 
and the hope is that the hall sensors will provide suffi-
cient resolution to pick up these movements, and there-





Sensors in the leg area of the blanket provide feedback 
regarding possible arousals from sleep due to an apnea. 
Perhaps they may also be used to provide information 
regarding restless legs syndrome which may or may not 




Determination of body position (on back or stomach, 
on right or left side) can be determined from the area of 
sensors displaced. This may provide information re-
garding positions which may promote apneas and sug-
gest possible positions for treatments. 
Figure 6 – An example of the hall-sensor setup in the sensorized 
blanket. The hall-sensor is able to detect the distance from the sen-
sor (larger radius circle) to a polarized magnet (smaller radius cir-
cle). The distance between the magnet and the sensor can be cali-
brated to determine the amount of weight on the blanket at any one 
point. 
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Chest Cavity Expansion versus Abdominal Expansion 
 
In an individual experiencing normal sleep, typically 
the chest cavity and the abdominal area will expand 
and contract synchronously. However, it has been 
noted that during apneas these two segments of the 
body will often contract and expand erratically. Sensors 
in the blanket covering both of these segments of the 
body will be able to sense the non-synchronous motion 
and mark the event as a possible apnea when corrobo-




The goal of the project is to increase the amount of data 
gathered during a take-at-home sleep test and to in-
crease the reliability of obtaining full data sets while 
limiting invasiveness to the patient. A sensorized blan-





Johnson, T., Broughton, W., Halbertadt, J.; Sleep Ap-
nea—The phantom of the night; New Technology Pub-
lishing, Inc.; Onset, Mass.; 2003 
 
Fairbanks, D., Mickelson, S., Woodson, B.; Snoring 
and Obstructive Sleep Apnea; Lippincott Williams & 
Wilkins; Philadelphia, PA; 2003 
 
